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Abstract

Background: Atrial-esophageal fistula (AEF) is a rare and early complication of radiofrequency ablation for medically refractory
atrial fibrillation, but has devastating consequences when the diagnosis is delayed or difficult to make. Methods: Single case in a
neurosciences critical care center. Results: A 69-year-old man with significant cardiac and neurologic medical history who
underwent atrial fibrillation ablation 50 days prior to admission to the neurocritical care unit presented with acute left-sided
weakness and gram-positive bacterial sepsis. This is an exceptional case discussing the need for early detection of AEF presenting
with sepsis, neurologic deficit along with complicated decision-making in the neurocritical care setting. His hospital course was
complicated by acute stroke, left ventricular (LV) aneurysm with thrombus, gastrointestinal (Gl) bleed discovered to be from left
atrial esophageal fistula, and subsequent cerebral air emboli leading to death. Conclusions: This is the most delayed presentation
of AEF following atrial fibrillation ablation reported in the literature to date. We emphasize the need for awareness of this com-
plication even after such an unexpected time-frame postprocedure as well as the unintended complications of cerebral air emboli
following upper endoscopy.
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Introduction weakness and right gaze preference. He was a long-time
smoker. His cardiac history was significant for: coronary
artery disease, previous myocardial infarction, a left ventricular
aneurysm, ischemic cardiomyopathy (ejection fraction 38%),
monomorphic ventricular tachycardia with implantable
cardioverter-defibrillator (ICD), and atrial fibrillation treated
with radiofrequency ablation 50 days prior to admission.
On admission, he was on warfarin sodium for anticoagulation
of a known left ventricular thrombus and had a suprathera-
peutic international normalized ratio (INR) of 4.1. The war-
farin sodium was held. Magnetic resonance imaging was

Atrial-esophageal fistula (AEF) after radiofrequency ablation
is a rare but often fatal complication. Neurologists need to be
aware of this complication in patients with new neurological
deficits and recent history of ablation for atrial fibrillation.
Indirect injury to the esophagus secondary to elevated esopha-
geal temperature has been reported to occur in nearly 50% of
patients." However, only a small minority of esophageal
lesions will transform into a fistula with the left atrium and
even less will lead to cerebral air embolism.>” Since cerebral
air or food embolism can be a complication of endoscopy,
insertion of nasogastric tubes, and transesophageal echocar-
diography, these procedures should be contraindicated when
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Figure |. Upper endoscopy demonstrating nodular lesion in upper |/3 of esophagus (a). Repeat upper endoscopy revealing nodular lesion with
surrounding blood (b). Images were obtained from report by permission of gastrointestinal (Gl) division at the University of Utah.

not obtainable due to his ICD. Consequently, head computed
tomography (CT) with perfusion imaging demonstrated
decreased cerebral blood flow in the right anterior cerebral
artery and middle cerebral artery watershed regions suggest-
ing ischemia and explaining the neurological findings. Specia-
tion of blood cultures revealed Streptococcus salivarius, which
raised concern for a contaminant or a gastrointestinal source. The
patient was treated with intravenous vancomycin

On the second hospital day, he suffered from a partial com-
plex seizure, became disoriented, and his breathing became
labored requiring intubation for airway protection. Continuous
electroencephalography monitoring revealed no evidence of
epileptiform activity, but he was treated with 1000 mg of leve-
tiracetam twice daily without evidence of further seizure
activity. He remained intubated on minimal ventilator settings
for airway protection the remainder of his hospital stay as his
mental status did not improve.

Because of his stroke and left ventricular thrombus, the
patient was restarted on anticoagulation with intravenous
unfractionated heparin due to subtherapeutic INR and warfarin
sodium was resumed. Subsequently, on hospital day 7, the
patient had melena and his hematocrit dramatically dropped
from 29.3 to 19.9 with a partial thromboplastin time of 56 and
an INR of 1.5. The patient’s stool was melenic and positive for
blood products. The patient was placed on an esomeprazole
drip, the anticoagulation was stopped, he was given 5 mg oral
vitamin K, and he underwent upper endoscopy which demon-
strated nodular tissue protruding into the esophagus with no
bleeding (Figure la). The tissue appeared to be “poking”
through a small hole in the esophagus which raised concern for
atrial-esophageal fistula. The patient remained stable for the
next several days off all anticoagulation.

The clinical challenge at this time was to determine
when to restart anticoagulation in this patient who was at high
risk for additional thromboembolic strokes secondary to

the left ventricular thrombus, but whom had developed a sig-
nificant gastrointestinal (GI) bleed and high suspicion of atrial-
esophageal fistula. On hospital day 10, the patient underwent
cardiac CT. This study demonstrated an amorphous area of
decreased attenuation from the posterior wall of the left atrium
to immediately anterior to the thoracic esophagus, which was
worrisome for an anomalous communication.

Also on hospital day 10, the patient’s neurological exam
demonstrated a new right upper extremity plegia. This was con-
cerning for new stroke as he was off anticoagulation due to GI
bleeding. Repeat noncontrast head CT demonstrated several
new left-sided foci of low density consistent with interim ische-
mia. Anticoagulation was restarted in an effort to minimize neu-
rological devastation. However, over the next day, he continued
to drop his hematocrit and the melenic stools resumed. A second
upper endoscopy was performed on hospital day 12 revealing
blood oozing from the nodular lesion in the upper third of the
esophagus along with rhythmic movement in concert with left
atrial filling and ventricular contraction (Figure 1b). This finding
was discussed again with cardiothoracic surgery and cardiology
for possible intervention. Due to his high risk of intraoperative
mortality, they felt he was not a surgical candidate and he was
instead scheduled for esophageal stent placement.

Unfortunately, secondary to air introduction from the
endoscopy, his neurological status quickly deteriorated.
He sustained loss of brainstem reflexes, and emergent non-
contrast head CT revealed extensive multifocal intravascu-
lar pneumocephalus within the cortical vessels, dural
venous sinuses, subarachnoid space, and within the cere-
bral parenchyma (Figure 2).

The patient died early the next morning after a family
discussion where the decision was made for extubation
and comfort measures. Autopsy revealed an AEF (Figure
3a-c) as well as extensive air emboli in cerebral vessels
(Figure 3d).
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Figure 2. Noncontrast head computed tomography (CT) on the patient on hospital day 12 demonstrating extensive, multifocal intravascular
pneumocephalus within the cortical vessels, dural venous sinuses, subarachnoid space, and within the cerebral parenchyma.

Discussion

Our case is the first to demonstrate a delay in presentation of
AEF as long as 50 days after the procedure. The case also
demonstrated cerebral air emboli as a severe consequence
after upper endoscopy in a patient with a suspected AEF. The
usual time course has been reported from within a few days to
41 days following the procedure. With the prolonged time-
frame and absence of the typical catastrophic presentation in
our patient, the diagnosis of AEF was considered to be less
likely as the cause of the GI bleed, but ultimately manifested
through air embolism and consequent neurological devasta-
tion. Suspicion of AEF prior to upper endoscopy is important
to avoid direct introduction of air through the fistula and other
methods of investigation can be utilized instead.

In the literature, 1 case report describes a patient with eso-
phageal atrial fistula (EAF) associated with esophageal carci-
noma who presented with cerebral air emboli several months
after radio-ablation of the esophagus with subsequent injury to
the left atrium.> Another case report describes air embolism
after 41 days but was a patient who had a known esophageal
injury that was diagnosed 10 days after the procedure.’

Ablation for atrial fibrillation has been performed since the
1980s and has mostly entailed atrioventricular (AV) nodal
ablation. It is considered to be a safe and effective method for
treatment of medically refractory atrial fibrillation. In the last
10 years, pulmonary vein isolation (PVI) has become the most
frequently used method. It is performed by catheter radio-
ablation and has been associated with low risk of complica-
tions.*® Known structural complications include pulmonary
vein stenosis and cardiac tamponade, as well as vagal nerve
injury with each occurring in up to 1% of cases.'

Atrial-esophageal fistula is a more recently discovered
problem and PVI has a reported association with AEF in
0.5% to 1% of cases,” with other studies demonstrating a
lower incidence of 0.01 to 0.2%.” Nearly 50 case reports have
been described since 2001. Esophageal injury during the pro-
cedure is a known complication of ablation of atrial fibrilla-
tion and is due to the close proximity between the left
atrium and the esophagus with autopsy studies demonstrating
a distance often as small as 5 mm.'® There are esophageal wall
changes such as simple erythema to tissue necrosis and ulcers
that have been described by endoscopy in up to 47% of
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Figure 3. Esophageal side; opening of the esophagoatrial fistula into the left atrium (a). Esophagoatrial fistula with black arrow demonstrating
entrance of probe into esophagal side of fistula, and the white arrow demonstrating the probe passing through the atrial side of the fistula (b).
Atrial side; black arrow demonstrating the atrial opening of the esophagoatrial fistula into the esophagus (c). Pneumocephalus at autopsy. Black

arrows demonstrating air emboli in the superficial vessels (d).

patients following PVI. The formation of AEF is still
uncommon even with esophageal injury.® The mortality asso-
ciated with AEF has been reported to be 67% to 100%.%°
More recently, intraoperative measures have been underta-
ken to reduce the risk of AEF. Intraluminal esophageal tem-
peratures are often monitored during ablation. High
temperatures are reached during the radiofrequency ablation
procedure and it has been reported that intraluminal tempera-
ture less than 41°C is associated with a decreased incidence
of esophageal ulcer formation.!" Further safeguards include a

reduction in the power of radio-ablation as well as the duration
of ablation, which have been shown to decrease the depth of
esophageal lesions as well as the area of esophageal involve-
ment.'> Due to the high incidence of esophageal injury
and potential severity of complications, 1 study suggested
follow-up with EGD and endosonography for reevaluation of
esophageal injury postablation.'* However, if AEF is already
suspected, it has also been suggested that esophageal proce-
dures be completely avoided due to air embolization as a direct
cause from endoscopy.® Further safeguards include a reduction
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in the power of radio-ablation as well as the duration of ablation
which have been shown to decrease the depth of esophageal
lesions as well as the area of esophageal involvement. '

Our patient had a complicated cardiac history which made
surgical treatment of the fistula difficult. The need for interven-
tion was critical in this case and earlier diagnosis of the fistula
may have proved life-saving. Our case highlights the need for
effective communication between medical specialties concern-
ing tough decisions that determine the care of the patient.
Furthermore, with suspicion of AEF, endoscopy should be con-
traindicated and imaging methods such as cardiac CT are
preferred.

Finally, timely consideration of atrial esophageal fistula in
patients presenting with new neurological deficits up to
7 weeks postablation may allow for earlier diagnosis and treat-
ment of this rare but fatal entity. With the increased frequency
of radiofrequency ablation used to treat atrial fibrillation,
emphasis on the welfare of the patient through both intrao-
perative safety measures as well as enhanced awareness of this
complication are essential.

Declaration of Conflicting Interests

The author(s) declared no conflicts of interest with respect to the
authorship and/or publication of this article.

Funding

The author(s) received no financial support for the research and/or
authorship of this article.

References

1. Sause A, Tutdibi O, Pomsel K, et al. Limiting esophageal
temperature in radiofrequency ablation of left atrial tachyar-
rhythmias results in low incidence of thermal esophageal lesions.
BMC Cardiovasc Disord. 2010;10(1):52.

2. Williams TL, Parikh DR, Hopkin JR, et al. Teaching Neurol-
mages: cerebral air embolism secondary to atrial-esophageal
fistula. Neurology. 2009;72(12):e54-e55.

3. Gilcrease GW, Stein JB. A delayed case of fatal atrioesophageal
fistula following radiofrequency ablation for atrial fibrillation.
J Cardiothoracic Electrophys. 2010;21(6):708-711.

11.

12.

13.

. Oral H, Pappone C, Chugh A,

et al. Circumferential
pulmonary-vein ablation for chronic atrial fibrillation. N Engl

J Med. 2006;354(9):934-941.

. Doll N, Borger M, Fabricius A, et al. Esophageal perforation

during left atrial radiofrequency ablation: is the risk too high?
J Thorac Cardiovasc Surg. 2003;125:836-842.

. Ripley KL, Gage AA, Olsen DB, Van Vleet JF, Lau CP,

Tse HF. Time course of esophageal lesions after catheter
ablation with cryothermal and radiofrequency ablation: impli-
cation for atrio-esophageal fistula formation after catheter
ablation for atrial fibrillation. J Cardiovasc Electrophysiol.
2007;18(6):642-646.

. Lee G, Sparks PB, Morton JB, et al. Low risk of major complica-

tions associated with pulmonary vein antral isolation for atrial
fibrillation: results of 500 consecutive ablation procedures in
patients with low prevalence of structural heart disease from a
single center. J Cardiovasc Electrophysiol. 2010, no. doi:
10.1111/.1540-8167.2010.01870.x.

. Siegel MO, Parenti DM, Simon GL. Atrial-esophageal fistula

after atrial radiofrequency catheter ablation. Clin Infect Dis.
2010;51(1):73-76.

. Cummings JE, Schweikert RA, Saliba WI, et al. Brief communi-

cation: atrial esophageal fistulas after radiofrequency ablation.
Ann Intern Med. 2006;144(8):572-574.

. Sanchez-Quintana D, Cabrera JA, Climent V, Farre J,

Mendonca MC, Ho SY. Anatomic relations between the esopha-
gus and left atrium and relevance for ablation of atrial fibrilla-
tion. Circulation. 2005;112(10):1400-1405.

Halm U, Gasper T, Zachaus M, et al. Thermal esophageal lesions
after radiofrequency catheter ablation of left atrial arrhythmias.
Am J Gastroenterol. 2010;105(3):551-556.

Ren JF, Lin D, Marchlinski FE, Callans DJ, Patel V. Esophageal
imaging and strategies for avoiding injury during left atrial
ablation for atrial fibrillation. Heart Rhythm. 2006;3(10):
1156-1161.

Zellerhoff S, Ullerich H, Lenze F, et al. Damage to the
esophagus after atrial fibrillation ablation: Just the tip of the
iceberg? High prevalence of mediastinal changes diagnosed
by endosonography. Circ Arrhythm Electrophys. 2010;3(2):
155-159.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


